Introduction
============

The average survival in cases of glioblastoma multiforme remains dismal in spite of continuous sustained efforts to understand the disease pathophysiology. This is in addition to tremendous morbidity and psychological stress to caregivers. Once diagnosed, this remains a sort of death sentence, the only question is when? On the other hand, there are neoplasms that are benign, and once successfully excised, a patient can expect a near-normal life span. With such a wide spectrum of brain tumors, it becomes imperative to prognosticate the disease at the onset so that the appropriate management decisions can be taken in consonance with the wishes of the patient and family members.

Although radiology provides us some answers, the exact nature of tumor and the prognosis can be elucidated only after detailed histopathology. This takes time and is available only after surgery. Is there a method whereby neurosurgeons can be wiser in the preoperative period regarding nature of tumor and consequently its prognosis?

There is an increasing and consistent evidence that cancer-associated inflammation and accumulation of inflammatory cells around cancer cells is a key determinant of outcome in patients with cancer. [@JR_1] [@JR_2] [@JR_3] [@JR_4] [@JR_5] [@JR_6] [@JR_7] [@JR_8] A systematic inflammatory response secondary to cancer leads to changes in the relative levels of circulating white blood cells, and with the progression of cancer, this results in an increase in neutrophils and a decrease in lymphocytes. [@JR_2] Among the various inflammatory markers, neutrophil-to-lymphocyte ratio (NLR) is one of the readily available markers and has been proved to be a prognostic marker to predict the survival in high-grade glioma and metastases. [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13] [@JR_14] [@JR_15] [@JR_16] [@JR_17] [@JR_18] [@JR_19] [@JR_20] [@JR_21]

In the present study, we assessed the utility of NLR as an adjunct tool in predicting the histopathological grade of brain tumor and indirectly the prognosis.

Materials and Methods
=====================

One hundred and sixteen patients with a preoperative diagnosis of brain tumor, who were planned for surgery, were enrolled in the study. Detailed clinical examination and radiological evaluation were performed. NLR was calculated in the preoperative blood sample. After the surgery, histopathology of the excised sample was studied and compared with preoperative NLR. Following patients were excluded from the study---patients undergoing redo surgery and any evidence of inflammation (such as diabetes mellitus, metabolic syndrome, heart disease, severe renal or hepatic dysfunction, other cancers, inflammatory diseases, and history of previous infection in the preceding 3 months) and patients on anti-inflammatory drugs including steroids.

Brain tumors were classified according to the World Health Organization (WHO) classification and grading of central nervous system tumors and categorized under two groups---low- and high-grade tumors. [@JR_22] Low-grade tumors include mainly Grade I meningioma, schwannoma, colloid cyst, craniopharyngioma, dermoid and epidermoid, Grade I to II gliomas, oligodendroglioma, ependymoma, and choroid plexus papilloma. High-grade tumors included Grade II to III meningiomas, Grade III to IV gliomas, anaplastic ependymoma, medulloblastoma, anaplastic oligodendroglioma, metastases, lymphoma, and choroid plexus carcinoma. Depending on the origin and location, the tumors were classified as extra- and intra-axial.

Statistics
----------

Patients were grouped into low- and high-grade brain tumors, and their NLR was analyzed using SPSS version 23 software (IBM Corp, New York, United States). Groups were compared using chi-squared test and independent sample test after confirming the normality of distribution.

Two-sided significance test was used, and the significance was kept at *p* \< 0.05. Receiver operator characteristic (ROC) curve was used to determine the cutoff for NLR to predict grade of tumor. Sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratio, and odds ratio based on the NLR cutoff estimated from ROC curve were calculated. Similar evaluation was performed between the intra- and extra-axial tumors with subgroup analysis.

Results
=======

The mean age of the study group was 40.14 (range: 6--77 years) years with 61 males and 55 females. Seventy-eight patients had low-grade tumor and 38 had highgrade tumor. Sixty patients had extra-axial tumors and 56 had intra-axial tumors. Extra-axial tumors included 52 low-grade lesions and 8 high-grade lesions (Grade II--III meningiomas). Intra-axial tumors included 26 low-grade tumors (WHO Grades I and II) and 30 high-grade tumors (WHO Grades III and IV) ( [Table 1](#TB_1){ref-type="table"} ).

###### Relation of each tumor type with neutrophil-to-lymphocyte ratio, grade, and axiality

  Types of tumor                  Nature of tumor   Axiality of tumor   Number of patients   Mean NLR   Whether follows cutoff value for the grade   Whether follows cutoff value for axiality
  ------------------------------- ----------------- ------------------- -------------------- ---------- -------------------------------------------- -------------------------------------------
  Craniopharyngioma               LG                EA                  3                    1.59       Yes                                          Yes
  Schwannoma                      LG                EA                  8                    1.93       Yes                                          Yes
  Dermoid cyst                    LG                EA                  2                    1.31       Yes                                          Yes
  Epidermoid cyst                 LG                EA                  4                    1.23       Yes                                          Yes
  Transitional meningioma         LG                EA                  4                    1.65       Yes                                          Yes
  Psammomatous meningioma         LG                EA                  2                    1.58       Yes                                          Yes
  Meningothelial meningioma       LG                EA                  29                   1.47       Yes                                          Yes
  Lymphoplasmacytic meningioma    HG                EA                  1                    2.72       Yes                                          No
  Hemangiopericytoma              HG                EA                  1                    2.23       No                                           No
  Atypical meningioma             HG                EA                  5                    2.47       Yes                                          No
  Anaplastic meningioma           HG                EA                  1                    4.34       Yes                                          No
  Angiocentric glioma             LG                IA                  2                    2.24       Yes                                          Yes
  Choroid plexus papilloma        LG                IA                  1                    1.71       Yes                                          No
  Colloid cyst                    LG                IA                  3                    1.28       Yes                                          No
  Germinocystic astrocytoma       LG                IA                  1                    1.58       Yes                                          No
  Hemangioblastoma                LG                IA                  2                    1.21       Yes                                          No
  Pilocytic astrocytoma           LG                IA                  10                   1.90       Yes                                          No
  Central neurocytoma             LG                IA                  1                    3.18       No                                           Yes
  Ependymoma                      LG                IA                  2                    3.05       No                                           Yes
  Oligodendroglioma               LG                IA                  4                    2.41       No                                           Yes
  Anaplastic astrocytoma          HG                IA                  3                    2.53       Yes                                          Yes
  Anaplastic oligodendroglioma    HG                IA                  1                    2.91       Yes                                          Yes
  Medulloblastoma                 HG                IA                  3                    2.93       Yes                                          Yes
  Glioblastoma multiforme         HG                IA                  11                   3.39       Yes                                          Yes
  Diffuse large B cell lymphoma   HG                IA                  1                    3.7        Yes                                          Yes
  Metastases                      HG                IA                  11                   3.32       Yes                                          Yes

The mean NLR of low-grade tumors was 1.68 ± 0.53 and that of high-grade tumors was 3.12 ± 0.74 ( [Fig. 1](#FI1900059-1){ref-type="fig"} ). This was statistically significant ( *p* \< 0.01). ROC curve for grade of tumor and NLR shows significant area under the curve (AUC) of 0.94 and NLR cutoff at 2.4 ( [Fig. 2](#FI1900059-2){ref-type="fig"} ).
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The highest values of mean NLR were found in two of the most aggressive tumors, namely glioblastoma multiforme (3.17) and brain metastasis (3.32).

A cutoff value of NLR \>2.4 can be used to predict highgrade brain tumors with a sensitivity of 80%, specificity of 92%, positive predictive value of 82.1%, negative predictive value of 91%, an excellent impact with likelihood ratio (+) of 10.1, and an odds ratio of 54.1.

ROC curve for the location of tumor and NLR shows AUC of 0.71 ( [Fig. 3](#FI1900059-3){ref-type="fig"} ). A cutoff value of NLR \> 2 can be used to predict intra-axial brain tumors with a sensitivity of 75% and specificity of 61.7%.

![Receiver operator characteristic (ROC) curve for neutro-phil-to-lymphocyte ratio and location of tumor.](10-1055-s-0039-3399489_0059_03){#FI1900059-3}

In subgroup analysis, of extra-axial tumors, NLR of highgrade tumor (2.71 ± 0.73) was higher than that of low-grade tumors (1.53 ± 0.43). Of intra-axial tumors, NLR of highgrade tumor (3.23 ± 0.71) was higher than that of low-grade tumor (1.97 ± 0.58). These observations were statistically significant with *p* \< 0.05. This shows that grade of tumor would affect the NLR even within the subgroups of extra- and intra-axial tumors.

Among meningiomas, Grade 1 meningiomas had a lower mean NLR (1.46) than Grade II and III meningiomas (mean NLR = 2.77).

Discussion
==========

Histopathological grade of brain tumor is the most important factor determining the outcome of the patient. Malignant brain tumors, especially glioblastoma multiforme and metastasis, continue to have unacceptably low overall survival. Although radiological characteristics give an idea about the grade of the tumor, exact prognostication depends on histopathology of the tumor. This is available only in the postoperative period.

Can there be a method by which we can in the preoperative period have some clues as to the nature of tumor?

In recent times, there has been an increasing interest in the role of inflammation in malignancy. [@JR_1] [@JR_2] [@JR_3] [@JR_4] [@JR_5] [@JR_6] [@JR_7] [@JR_8] Several studies have established the occurrence of a systemic inflammatory response in malignancies. The degree and type of inflammatory response depend on the antigenicity and vascularity of the lesion. Thus, it may reasonably be expected that the degree of derangement of systemic markers of inflammation varies, based on biologic aggressiveness of the neoplasm.

Recruitment of more neutrophils as compared with lymphocytes around cancer cells portends a worse prognosis. [@JR_2] This reflects not only in the peritumoral tissue but also in the peripheral blood, thus altering NLR. NLR has shown to have prognostic value in several cancers including lung, breast, and kidney cancers. [@JR_1] [@JR_4] [@JR_5] [@JR_6] [@JR_7] [@JR_8] We explored the possibility of using preoperative NLR as an adjunct to radiology to distinguish between high- and low-grade tumors to help carry out prognostication in the preoperative period.

We studied 116 patients of brain tumor covering the whole spectrum. This includes the benign tumor such as schwannoma to most malignant tumors such as glioblastoma multiforme and metastasis. NLR samples were sent in the preoperative period, and after surgery, they were correlated with histopathology. We found that mean NLR in low-grade tumors was 1.68, and in high-grade tumors, it was 3.12 ( *p* \< 0.01). It is seen that an NLR cutoff value of 2.4 can be used to predict high-grade tumors with high sensitivity and high specificity values.

Tumors depending on their biologic aggressiveness induce inflammatory response, which is reflected as increase in the number of leukocytes and increase in the number of neutrophils in relation to lymphocyte in the peripheral blood. [@JR_23] It is suggested that glioma can synthesize granulocyte colony-stimulating factor (CSF) and granulocyte--macrophage--CSF, which might be responsible for affecting the number of neutrophils. [@JR_24] These factors are also implicated in neutrophil-mediated killing of glioma cells. [@JR_23] It is proposed that in glioblastoma multiforme patients, the increase in neutrophils and decrease in lymphocytes are due to increased margination and apoptosis. Decreased cell-mediated immunity due to loss of lymphocytes may have a role to play in tumor biology. [@JR_18] Multiple studies showed that higher values of NLR are associated with poor survival in patients with metastases and glioblastoma multiforme. [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13] [@JR_14] [@JR_15] [@JR_16] [@JR_17] [@JR_18] [@JR_19] [@JR_20] [@JR_21]

The mean NLR of intra-axial tumors (2.64 ± 0.91) was found to higher than that of extra-axial tumors (1.68 ± 0.62). This observation was statistically significant, with an NLR cutoff 2; intra-axial can be predicted with a sensitivity of 75% and a specificity of 61.7%.

NLR value correlates better with the grade of tumor than the location of tumor. High-grade tumors are associated with antigenicity, angioinvasion, breach of blood--brain barrier, and infiltration of dura leading to increased proliferation of peripheral neutrophils. This observation is seen in highgrade intra-axial and also extra-axial tumors.

High-grade meningiomas were found to have a higher mean NLR when compared with Grade I meningiomas. This can be attributed to the biological behavior of these tumors, which probably leads to a higher inflammatory reaction.

Limitations
===========

This was a study involving 116 patients covering the whole spectrum of brain tumors. Therefore, few tumors were less in numbers; for example, high-grade extra-axial tumors were fewer when compared with other subgroups. This leads to skewed data.

Conclusion
==========

NLR is an easily available and inexpensive marker of systemic inflammation, which varies across the different types of brain tumors. Mean NLR is higher in high-grade tumors than low-grade tumors and a cutoff value of \>2.4 is suggested. Similarly, mean NLR is higher in intra-axial tumors than extra-axial tumors. Cutoff NLR \>2 can be used as an adjunct to predict intra-axial brain tumors. Further, large-scale studies are required to fully exploit the potential of this investigation tool.
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